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On Tramway Permanent-Way Construction.” 
By ALEXANDER PATERSON, Jun. 

HAVING regard to  the enormous amount of capital which has been 
invested in recent years in  the construction and equipment of electric 
tramways, it is unnecessary to emphasize the  great importance of 
considering carefully the construction of the permanent-way, upon 
which the life of a tramway principally depends, and  the methods to 
be adopted in laying the track. I n  this  Paper  the  Author directs 
attention to certain  details in respect of (1) packing of rails, (2) rail- 
joints, and (3) paving, which contribute largely to the provision of a 
sound track,  and  to reduction of the cost of maintenance. 

PACKING OF RAILS. 
One method of laying the rails, which has been extensively 

employed, is to excavate the roadway, put in the concrete, and, after 
it has been finished off smooth to  the required level, to lay the rails 
on it and lift them up  about 3 inch by means of  wedges or small stones ; 
when the  track is lined up  and levelled off, a mixture of granite 
chippings and cement is forced into  the 3-inch space below the rails 
by means of beater-picks. The chief objection to this method is that, 
the packing-material having to be forced in from  both sides of the 
rail-flange, it is impossible to ensure that no gaps are  left under the 
web of the rail, as shown in Fig. 1. Should these occur, they 
eventually become  filled with water, through condensation, sweating, 
or leakage, and every car passing over the  rail forces the  water  into 
the packing ; the car  having passed on, the  rail assumes its original 
level and  the water returns  to  the gap, bringing with it particles of 
the packing. The continued repetition of this action  ultimately 
destroys the packing, the  setts alongside the rail begin to lift, and 
reconstruction of that portion of the  line becomes  necessary. An 
equally important objection to  this method is  due  to  the bottom of the 
rail-flange being raised above the surface of the concrete, thus pro- 
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viding  a reservoir between the rails for  any surface-water which may 
get down through defective joints in  the paving, or alongside the rail. 
The depression of the paving by heavy vehicular traffic forces this 
water to  the low parts of the  track ; the water takes with it some of 
the sand bedding, and  the removal of this soon causes the paving to 
sink  and necessitates lifting  and relaying. This objection might, of 
course, be removed by floating the  track  up  to flange-level, and this 
would have to be done if the - 
track had to be  paved with 
wood ; but  the engineer has 
then to face the  extra ex- 
pense of , say, 2% square yards 
of floating to every yard of 
single line, which at  the low 
cost of 1s. per square yard 
amounts to S220 per mile. 

The method of packing 
rails which is now more 
generally adopted is simply 
a modification of that just 
described. A hollow trench, 
about 2 inch in depth, is  left 
in  the surface of the finished 
concrete, as shown in Fig. 2, 
and  the  rail is laid so that 
the bottom of the flange is 
level with the finished sur- 
face of the concrete, the pack- 
ing-material being forced into 
the space under the  rail by 
means of beater-picks. The 
advantage of this method 
is  that  the formation of 
a reservoir between the  rails 
is avoided, but, on the  other 
hand, it is obvious that  the 

F+: 7 
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difficulty of insuring  that  no gaps are  left  in  the packing-material 
under  the rail-flange is increased, since the beater-pick cannot 
be so freely applied. There  is also difticulty in making the hollow 
trench of uniform  depth, and if  it be not of uniform depth  the 
thickness of the packing must vary. 

A further objection which has been raised against  both of the 
foregoing methods is that a separate thin layer of concrete is being 
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put upon existing concrete which has already set. This may not be 
of much importance, but  in  the Author’s opinion a system which 
would permit of the packing-material being part of and incorporate 
with the concrete bedding would be decidedly preferable. 

Having adversely criticised the methods of packing rails almost 
universally adopted, it is incumbent  on the  Author  to suggest an 
improved method, and  the following mode of procedure is put 
forward as having proved, after several years of trial  and testing, not 
only most efficient, but also most economical and expeditious. The 
excavation being completed, the rails are laid to the required levels, 
being packed up on old setts in preference to bricks or concrete 
blocks. These setts  are  left permanently in the work, embedded in 
the concrete ; their removal after  the concrete is  put  in would involve 
unnecessary expense, and would also necessitate disturbance of the 
concrete under the  rail  and  the introduction of a  separate body of 
concrete of no considerable bulk. The  laying of the rails before the 
concrete bed is put  in is an  aid  to  the plate-layer rather  than 
a hindrance, as it affords him greater  latitude  in  adjusting  the level 
of the rail-heads to  the many  variations of road-level than he would 
have were the concrete already laid. The setts supporting the rails 
are “ staggered,” and  are spaced as  far  apart  as possible without intro- 
ducing the slightest  tendency of the  rails  to sag. The concrete gang 
should not be  allowed to  rest  their mixing-boards on the rails ; with 
little trouble they can be placed on low trestles clear of the  rail- 
heads. The plate-laying finished, the concrete is put  in  and shovel- 
packed under the rails  as well as possible, the finer portions of the con- 
crete being brought immediately under  the rail-flange. The finished 
face should be slightly higher, say & inch higher, than  the bottom of 
the flange, in order to give a slight head to  the concrete under the rail. 
This having been carefully done, a little  time is allowed for  the con- 
crete to  dry slightly before the final packing of the rails is 
commenced. If the packers follow the concrete gang a t  such a 
distance that  there  are always two clear rail-lengths between the two 
gangs, it will be found that a  satisfactory result is obtained. The 
packing-material consists of clean 2-inch granite chippings mixed 
with cement, almost dry,  in  the  ratio of 3 to 1. The whole length of 
the ra.il is banked up with this material, about one-eighth of an 
ordinary shovelful being laid  on each side of the flange per foot of 
single rail ; and  this is beaten until  the whole is forced under the 
rail-flange, and  then smoothed off. When properly done, hundreds of 
trials have failed to  detect the least evidence of a layer ; the packing- 
material becomes part  and parcel of the concrete bed, and there  is  not 
the slightest sign of the concrete having suffered by the operation. 
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The precautions to be observed in packing rails by this method 
are :- 

l .  The chippings must not be too Iarge or ,  too small, 3 inch being 
the minimum and 2 inch the maximum size ; the object is to give 
vigour to  the finer portions of the concrete bedding, which have been 
brought to  the surface immediately under the rail-flange by the 
shovel-packing, and  to avoid a honeycombed surface. 

2. The mixture  must  not be too wet ; otherwise it will shrink from 
the  rail when setting. 

3. For the same reason the packers must not approach nearer to 
the concreters than one rail-length and one-half. 
4. They must not be more than two clear rail-lengths behind the 

concrete gang, as  the  setting of the concrete will then have gone too 
far  to permit of its being disturbed  without damage. If this  limit 
be  exceeded, inspection will reveal evidences of a  layer, showing that 
the packing-material has not become incorporated with the concrete 
of the bed, and where the bed has been disturbed it will somewhat 
resemble frosted concrete. 

The class of labour available for packing-operations is not the 
most painstaking, and,  in  the  hurry  and  rush towards completion, 
defective work will occur in spite of the most careful supervision, 
and it is probable that upon few systems of any size has the  test of 
traffic revealed no working-rail. It is therefore important to ascer- 
tain  the best means of remedying such a defect. Undoubtedly it is 
best to  start de novo and relay the defective portion of the track, but 
this, of course, involves stopping the traffic, or putting down tem- 
porary road and  turning  the car-traffic off the particular length  until 
the concrete and packing have had time  to  set thoroughly. The best 
method of packing a moving-rail, while allowing car-traffic to pass 
over it, is a moot point, but  the following mebhod has, time after 
time, proved most efficacious. The concrete is well  cleaned out to  a 
depth of an inch below the rail-flange, and for 2 inches or 2 3  inches 
on each side of it, and clean %-inch granite chippings are thoroughly 
beater-packed underneath it. The chippings should be  cubical, free 
from  dust,  and. such as will best stand  the blow  of the beater-pick 
without crumbling ; they need not be  packed too close together, but 
should be strong enough to support the rail, leaving sufficient inter- 
stices. These interstices  must be filled, or water will collect in them 
and  the remedy will be only temporary. Strong cement-grout with 
a little head would easily fill them, but  the vibration of frequent  car- 
traffic prevents it setting properly, and it is doubtful if it eventually 
becomes anything  better  than sand-grout.  Pitch-grout, carefully 
tempered and poured in hot, has proved the best means of filling 

[THE ISST. C.E. VOL. CLXY.] R 

Downloaded by [ University of Sussex] on [17/09/16]. Copyright © ICE Publishing, all rights reserved.



242 PATERSON ON TRAMWAY  PERMANENT-W$Y. [Selected 

these spaces, but  great care must be exercised to ensure that  there 
be not too much oil in  the pitch, otherwise trouble will be experi- 
enced with lifting-setts alongside the rail, and, on the other  hand, 
the pitch  must  be very hot, or it will not be fluid enough to fill all 
the interstices. 

It may not be out of place to refer briefly here to a proposition which 
the  Author believes is receiving the consideration of the  authorities 

Fyq: 3 .  
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concerned with the  tram- 
way-system of a  large city 
in  the  North where con- 
siderable trouble  has been 
experienced in  the main- 
tenance of the permanent- 
way. The proposal is to 
lay  the ordinary  girder- 
rails  on timber throughout, 
somewhat after  the plan 
adopted at  Hull, where, 
however, a rail having the 
groove in  the centre is em- 
ployed, and  the ends of the 
rails are scarfed. It ap- 
pears to  the  Author  that, 
whether the timbers used 
be of the same width as 
the rail-flange, as  in Fig. 3, 
or of a  scantling wider 
than  the flange as  in Fig. 4, 
the weight of the car pass- 
ing over the  rail will com- 
press the timber, and  after 
the weight is removed the 
timber will return  to its 
normal condition ; this ac- 
tion will cause air-cracks 

to be  developed a t  E E E, Figs. 3 and 4, and it will be only a question 
of time before the whole of the paving alongside the  rail will be on 
the move. I n  the Author’s opinion, the arrangement shown in Fig. 3 
will be found preferable to  that shown in Fig. 4, for the reason that a 
smaller area of paving will be affected  by the moving timber.  The 
problem to be decided in connection with this proposal is whether the 
saving inwear  and  tear of the rolling-stock would compensate for the  in- 
urease in  the cost of maintenance,which probably would  be considerable, 
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RAIL-JOINTS. 

The  subject of packing of rails leads naturally  to a consideration of 
the various forms of rail-joint, as it is at  the  joints  in  the rails that 
failure of the packing most frequently reveals itself, and  that most 
difficulty is experienced in doing good work. Starting  with  the ideal 
-a continuous jointless rail-it  would  seem that a close approximation 
to  this might be secured by welding the ends of the rails  together, 
provided that  the process adopted were practical, not deleterious to 
the rail, and  not too costly. 

There are  at present, so far  as  the  Author is aware, four methods 
of welding rail-joints  in use, namely (l) cast-welding, (2) electric 
welding, (3) thermit ” welding, and (4) the weldite ” process. 

Cmt- Welding.-In cast-welding, the rail-ends, having been cleaned, 
are surrounded by an  iron mould, into which is poured a molten 
mixture of scrap-iron and soft and hard silicon-pig. Rightly or 
wrongly there is always a doubt a.s to whether a real weld is secured, 
which is supported by the fact that electrical engineers hesitate to 
accept the  joint  as affording a  satisfactory electric bond. It is 
costly, is not easily adapted for repairs, and requires  a somewhat 
cumbersome plant. 

Electric Welding.-By this method the  rails themselves are  not 
welded. The ends, having been cleaned by means of an emery- 
wheel, are connected by one or two plates, somewhat resembling fish- 
plates ; these are heated by an electric current passed through  them, 
pressure is brought to bear, and  they  are  thus welded to  the rails. 
Expense, the cumbersome plant required, and the difficulty of obtain- 
ing  the necessary current, especially in new lines, are serious obstacles 
to  this method becoming universally adopted. 

U Thermit ” Welding and We1dite.”-For brevity, these two processes 
will be considered together ; the mode of procedure in each is similar, 
and  the  results appear to be identical. The  rail-ends are brought as 
close together as possible, and  are surrounded  with a small mould, over 
which is placed a  furnace  containing oxide of iron mixed with  a small 
quantity of thermit” or weldite.” The mixture is ignited, and 
rapid  oxidation is set up, a very high temperature being attained. 
The molten metal is then allowed to flow into  the mould, and the 
rail-ends are  literally melted together.  The root-principle of both 
processes is the remarkable and violent affinity which aluminium  has 
for oxygen. 

The objections to  all these welding-methods are  that  they cost 
more than 2 1  per joint ; that  they increase the cost of plate-hying, 
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and  retard  the completion of the work ; and  that  there appears to be 
considerable danger of the composition of the  rails being altered, if 
not immediately at  the rail-ends, at least where the red heat dies 
out. 

Continuous Fish-plate Joint.-The joint which commends itself to 
the  Author as the best is the continuous fish-plate ” joint.  This 
joint is made with fish-plates rolled to  the particular rail-section 
adopted, as shown in Fig. 5. They are rolled so that  the points 

EE (Fig.5) have to be sprung” 
FT. 5. slightly in forcing them on to 

the rail-flange, and therefore 
grip  the flange with a sort of 
wedge-action. This  joint  entails 
very little increase in  the cost 
of plate-laying ; the two rails 
are virtually one, since any 
slight differences in level of the 
rail-heads can be removed by 
filing ; the composition of the 
rails is unaffected ; and  the cost 
is 50 per cent. less than  that of 
the joints previously described. 
Careful inspection of a track, 
20 miles in length, subject to a 
frequent car-service for more 
than 4 years, has failed to 
detect a single working-joint. 

“Anchor ” Joint.-A rail-joint 
which has been frequently 
adopted in recent years is the 

anchor ” joint. It is made by 
bolting or riveting  a short piece 

~ ? l ~ c n ~ s  of rail, in an inverted position, 
to  the flanges of the two rail- 

ends, Fig. G. This joint is intended to afford a rigid  bearing 
to  the two rail-ends, and  to  tie them down to  the concrete so that 
there can be no lifting. There are two fatal objections to it. The 
portion of the  rail which is supported by the anchor is more rigid 
than  the remainder, and is therefore not so much depressed by a car 
passing over it ; consequently, when the car passes from  the joint to 
a portion of rail which is unsupported by the anchor, there must be 
hammering ; in  other words, the effect of the anchor-joint is simply 
to cause the hammering to  take place further along the rail, insteaid 

F ’  :6. 
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of at  the end. Again, the microscopic depression of the  rail  at  the 
joint is conveyed to  the anchor, which is thus forced down into  the 
concrete ; and when the  car leaves the  joint  the pressure is released, 
and  an air-gap is left.  The  air-gap becomes  filled with water, and, 
as car after aar passes over the anchor, the head of the inverted rail 
becomes literally the plunger of a pump, causing destruction of the 
packing, bedding, and paving at  the joint. 

PAVING. 

However perfectly the rails may be bedded, and however smooth 
the joints may be, if the paving alongside the  rail be carelessly laid 
all precautions to minimize the enormous annual cost of maintenance 
of permanent-way will be futile. It is therefore important  to consider 
carefully the method of paving to be adopted. 

All paving worthy of serious consideration for tramway-work is 
included under  the two heads (1) granite-paving, and (2) wood- 
paving. 

Granite-Paving.-Assuming that a perfectly-bedded rail  and a 
smooth-running joint have been secured, the sources of expense in 
maintenance of the permanent-way are reduced to (1) vibration of 
the  rail,  and (2) wear, neither of which it is possible to remove 
entirely ; it only remains, therefore, to  take steps to minimize their 
effect as much as possible. 

It is manifest that with heavy cars and frequent services the 
vibration in  the rail-head must be very considerable and continuous. 
The vibration in  the rail-flange, although perhaps less, is still also 
considerable, so that  any  sett alongside the rail has two of its 
surfaces exposed to a continually vibrating body,  viz., the end of the 
sett against the  rail  and  the bottom of the  sett immediately over the 
flange. It is desirable to keep the  sett from vibrating, if possible, 
and steps  must  therefore  be taken  to introduce between it and  the 
rail some medium which, while holding it in position, will counter- 
act or absorb vibration ; the medium used at   the end of the  sett 
must be capable also of resisting percolation of water, whilst for the 
bedding-material between the  sett  and  the rail-flange this quality is 
not essential. 

For the bedding, sand is undoubtedly the best and cheapest 
material, but care must be taken  to have the  setts of fairly  uniform 
depth, otherwise the weight of the vehicular traffic will cause some 
to  sink more than others ; the surface of the paving will thus be 
rendered uneven, and  the effect of shaking of the higher setts by 
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impact of the wheel-traffic will be added to  that due to vibration. 
The  depth of the  setts is, of course, determined by the depth of the 
rail, but experience shows that advantage can be gained by paying 
greater  attention  than is customary to  this  matter, since too great 
latitude  in  the  depth of the  setts gives rise to excessive vibration 
in  the bedding ; 2-inch thickness of bedding, when the paving is 
thoroughly rammed, appears to be  sufficient to minimize the  effect of 
vibration. I n  recent years there has been a tendency to introduce 
cement into  the bedding, but this, in  the Author's opinion, is to be 
deprecated, for if sufficient cement is introduced to cause the bedding 
to set, the  latter becomes a solid rigid body and loses its power to 
neutralize  vibration, whereas if too little  is  put in it is a waste of 
material. 

The selection of the medium to hold the  sett  in position, keep out 
water, and minimize the  vibration  transmitted  to  the end of the  sett 
requires special consideration. If the foregoing assumption with 
regard to  the effect of the addition of cement to  the sand-bedding be 
correct, it is evident that  the customary practice of filling the hollow 
between the  sett  and  the rail-web with cement-grout or sand and 
cement cannot be  recommended ; but  there  is a certain  elasticity in 
cement-concrete, and it would therefore to some extent deaden 
vibration. The advantage of using properly tempered pitch-grout as 
n means to counteract this movement must, however, be apparent. 
If good clean pitch  be boiled with creosoted oil in  the proper pro- 
portions, the product is a ductile, adhesive, watertight substance, 
which, a t  a temperature of 60" F. somewhat resembles india-rubber. 
I ts  ductility  is probably due to  the volatile gases of the oil being 
held imprisoned in  the interstices of the molecules of the melted 
pitch. These imprisoned gases admittedly evaporate in time, but  the 
process is slow, and  the  mixture will retain  the necessary ductility 
for as long a period as the  setts will wear. The following essential 
conditions must be kept  in view in preparing the pitch-grout :-the 
pitch must be clean, and,  like  the oil, free from water, otherwise the 
mixture will boil over and splutter ; there must not be too much oil 
in  the mixture, otherwise the  resultant  grout will be too fluid and 
will never assume the desired india-rubber-like character ; and, on 
the  other hand, the proportion of oil must not be too small, other- 
wise the  quantity of volatile gases imprisoned will be insufficient and 
the  resultant  grout will be brittle. It is difficult, if not impossible, 
to give the proportions in which the pitch and oil ought  to be mixed, 
as the constituents of the pitch and  the volatile gases of the oil vary 
so much. It becomes therefore a question of trial  and error, and it 
is desirable that every cauldron should be tested before the  grout is 
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used. If a small quantity is poured into water, in a few moments 
it can be taken  out  and tested a t  a temperature of 60 degrees ; should 
it prove to be too brittle, more oil  may be added to  the cauldron 
before it is allowed to be used, and should it not  set properly more 
pitch  may be added. This  primitive test would amply  repay the 
small loss of time  in making it, by increasing the probability of 
good properly-grouted paving being obtained. I n  grouting it is 
desirable that  the racking in  the joints of the paving be not too 
plentiful, and it would appear that pea-gravel is preferable to 
chipping, because the more or less spherical shape of the particles 
allows the  grout  to fill up  the interstices more easily before the pitch 
sets. It is essential that  the  grout be poured in as hot  as possible, 
and  the  setts should be dry before the grouting-operation is com- 
menced, as pitch-grout does not adhere properly to wet setts. When 
pitch is poured right  to  the  top of the setts,  trouble is caused in hot 
weather by the pitch  melting and  running  into  the grooves  of the 
rails. This a n  be avoided by keeping the pitch Q inch from the  top 
of the  setts  and brushing it over with  a very wet mixture of sand 
and cement, gauged, say, in  the  ratio of 4 to 1. It is doubtful 
whether  brushing over with  sand-grout would not be as advan- 
tageous. 

The question of the kind of granite paving to be  used is outside 
the province of this Paper, but durability and absence of slipperiness 
are  the chief desiderata. It appears to  the  Author  that a 3-inch 
sett gives a better foothold to horses than a 4-inch sett, owing to  the 
greater frequency of the joints. The  joints should also be as tight 
as possible, as wide-jointed setts  are manifestly more liable to be 
worn round by the horses’  shoes than those which are tight-jointed. 
It is unfortunate  that  the most durable setts  are also the most 
slippery, but as the greatest wear, caused by vehicular traffic,  occurs 
alongside the rail, it would appear that a close-grained, hard, 
admittedly slippery sett might  with  advantage be toothed in along- 
side each rail, and  the remainder of the  track paved with  the softer 
rough-grained sett, as the horse of his own accord, when avoiding 
the rail, keeps off the  greater portion, if not  the whole of the 
adjoining sett. 

Wood-paving.-The behaviour of wood-paving is often mysterious. 
Not only have many tracks been put  out of gauge by the swelling of 
the wood-blocks, but it is also found that, whilst one length of paving 
may lift, another  length, paved with the same kind of blocks  by the 
same men and  in  the same manner,  may  remain perfect. I n  laying 
the paving it is very important  that  the floating be true,  and of first- 
class quality. The swelling of wood-blocks appears to  take place 
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chiefly in  the direction of their length, the increase in width being 
little or nothing. They ought, therefore, to  be laid  with tight joints, 
except at  the ends, where the  joints should be a t  least inch in 
width, and  the two joints  next  the  rail should be a t  least inch in 
width.  The tighter  the joints across the  track  the less possibility is 
there of the horses' shoes splitting  the blocks. No advantage is to 
be gained by using blocks deeper than 4 inches ; 1 inch thickness of 
concrete is manifestly cheaper than 1 inch thickness of wood. It is 
impossible to " up-end " the blocks and repave, and 1 inch wear off 
them would put  the paving considerably below the level of the rail- 
heads. It is not proposed to discuss the relative  merits of hard-wood 
and soft-wood paving, but where soft wood is used a row of hard- 
wood blocks might  with  advantage be laid alongside each rail  to  take 
the wear of the  extra wheel-traffic upon this particular portion of 
the  track ; and if the  tie-bars be cranked sufficiently to allow of the 
top edge of the tie-bar being level with the floating, the rabbeting of 
the blocks is done away with, and  the formation of ruts  in  the 
paving where the  tie-bars occur is rendered impossible. 

The Paper is accompanied by  three tracings, from which the 
Figures in  the  text have been prepared. 
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